normal rate through mouthpiece into a whole-body plethysmograph.
TGV was calculated with the help of the formula proposed by
The intraindividual coefficient of variation (CV) for SRaw is about Matthys (9) , a variant of the formula of Du Bois et al. (6) 8% and never exceeds 15% (Table 1) . TGV = tg a (PB,, -PH,o).~I (4
Speculation
In this equation, tg CY stands for the relation between the Because of our proposed simplification of the measurement of SRaw, the accumulation of data on bronchial obstruction and hence statistical analysis will be greatly facilitated in pediatrics. Further developments of this method should permit a comparison with previous studies in sedated children and answer the question of whether alteration in specific airway resistance is the consequence either of sedation or of some change associated with growth during the first 5 years life.
The respiratory function in children suffering from a chronic pulmonary disease should be studied repeatedly to enable an effective control of the evolution of their disease. Spirometric studies as advocated by Brough et a/. (3) on children less than 8 years of age are not precise and depend on the cooperation of the subject. Plethysmographic measures which are much more precise were advocated by Radford (12) and Doershuk et a/. (4, 5) . However, such measurements require sedation for children younger than 5 years. For tests in series, this method therefore has little practical use in pediatrics. The importance of measuring SRaw (i.e., Raw times TGV at that volume at which Raw is ' measured) has been strongly emphasized by numerous authors (I, 2, 4, 5, 8, 1 l), most especially for children. It is a volume-corrected resistance which better describes an individual's pulmonary function than the use of either Raw or TGV alone. In normal, nonsedated, mouth-breathing subjects, SRaw remains constant at any age (5), which is not the case of TGV and Raw. Any pathologic increase of Raw or TGV or both will immediately augment SRaw. Stimulated by these advantages, we decided to further investigate the matter. Our principal finding is that a simple algebraic manipulation of known formulas leads to a direct expression for SRaw which precludes separate measurements of Raw and TGV.
MATERIALS AND METHODS
Twenty-two severely asthmatic children below the age of 5, inpatients in an asthma institution (Asthmacentrum-zeepreventorium, De Haan aan Zee, Belgium) were investigated in the first days after their admission. They were not especially trained for plethysmographic studies and only the first results were taken into account. Parents were informed of and agreed with the nonagressive investigation of their children. For every child who left the institution a copy of all the results was sent to the family doctor.
To measure SRaw we used a pressure-compensated volume displacement plethysmograph (Pulmorex (13)). The body box volume variations were measured with a Fleisch pneumotachograph no. 3. The plethysmograph was equipped on the inside with a Douglas bag of about 60 liters containing water heated by a thermostat to the desired temperature (37' or more). The respiratory airflows were recorded at the mouth by a heated Fleisch pneumotachograph (no. 3) connected with a mouthpiece to the Douglas bag. The respiratory volumes were recorded by the integration of the flow signal of the same pneumotachograph. The child was thus able to breathe at a normal rate because BTPS conditions were met. Rebreathing did not exceed 1 min, which is more than sufficient to record 5-10 respiratory cycles, so that hypercapnea and hypoxia were negligible. At any moment the respiration could be interrupted by a shutter in the mouthpiece to perform breathing movements against the closed shutter (Pflueger maneuver) and to record with an electronic manometer (13) the mouth pressure variations against the plethysmographic volume variations. All variables were simultaneously recorded on magnetic tape (14) and played back at one-fourth of the recording speed on an X-Y recorder (15) . The pneumotachographs and the manometers were calibrated every day. plethysmographic volume variation and the alveolar pressure variation at the exact moment of the Pflueger maneuver; Psa, stands for atmospheric pressure as read on the barometer; PHno IS the water vapor pressure at 37O; el is a calibrating constant for the manometers to measure the alveolar pressure and the plethysmographic volume variations and is defined by the ratio of the number -.
of milliliters of plethysmographic box variations per graphical unit on the X-Y recorder to the Dressure variations of the manometer at the mouth measured in cm H,O per graphical unit on the X-Y recorder (el = ml/mm: cm H,O/mm). Raw was also calculated with the help of the Matthys formula (9), which once more appears to be a variant of that of Du Bois et al. (7) In this equation, tg p represents the relation between the plethysmographic volume variation and the respiratory flow variation; tg CY is the ratio of the plethysmographic volume variation on the alveolar pressure measured at the exact moment of the Pflueger maneuver. It is consequently the same relation as the one used for calculating TGV. e l is the same calibrating constant as in the case of TGV and e, is new calibrating constant defined by the ratio of the number of milliliters of plethysmographic box variations per graphical unit on the X-Y recorder to the flow variations measured in liters per sec per graphical unit on the X-Y recorder (e, = ml/mm: l/sec/(mm)). From Equation 1, we have
Substituting TGV/(PBar -PH,O) e l for tg CY in Equation 2 we obtain However, by definition, we have SRaw = TGV x Raw, so that Equation 4 leads SR,, = TGV. tg PITGV (P,,, -P , , , ) e, to We conclude that we are able to measure and calculate SR,, without knowing tg a, i.e., without having to make use of the Pflueger manoeuver.
RESULTS
In a preliminary study, with the help of Equations I and 2, we repeatedly measured Raw and TGV in the first days after admission in 17 of our 22 children between 4 and 5 years of age (Table I) , and we calculated SRaw from the product of these two parameters. The mean values for TGV were calculated from three Pflueger manoeuvers. The mean values for SRaw and Raw were calculated from at least five flow-body volume curves for each child. Three children refused to get into the whole-body plethysmograph. Two children were frightened by the closing of the valve and did not perform the Pflueger maneuver. Many children, even some of those who had not been frightened, did execute the manoeuver, however, very badly. As a consequence these Raw and TGV values are not reproducible and are less precise. The SRaw values as calculated from Equation 5 are very reproducible (Table  1) and could be obtained in 19 nontrained children. The large range of values can be explained by the fact that the children studied are not representative of a normal sampling. The main point in this paper is to show that it is possible to measure SRaw quite easily and with great precision. The average time needed for measuring and calculating SRaw, without both TGV and Raw, was about 10 min: 2 min for instructions, 2-4 rnin for thermic equilibration of the plethysmograph after the subject had entered it, less than 1 min for registration of at least five flow-body SMITH, HAMILTON, AND SHAPIRO Table 1 . Comparison of SR,, as calculated from product TG V x R,, and from formula tg P (P,,, -P,,,) the necessity of two separate measurements is obviated. It may bc useful here to recall the sources of error in the classic procedure of separate measurements of Raw and TGV. The Pflueger maneuver calibrates the plethysmographic volume variations in relation to the alveolar pressure variations. T o know both TGV and Raw, the alveolar pressure is essential. However, this maneuver is very difficult for most infants and many children and erroneous measurements will result when the subject closes his glottis, moves his jaws, or opens his mouth. This is the explanation for the large CV when calculating TGV (Table I) . Another possible source of error arises when the Pflueger maneuver is performed at some level other than the mean end expiratory level (TGV level) because tg a increases with lung volume. This error can be corrected by using a magnetic tape, by subtracting a correction volume, and by converting the lung volume computed at the Pflueger maneuver level to the TGV level. On the other hand, for the calculation of R , , it is important to use tg a at exactly the mean end expiratory level. As can be seen in Equation 2, and as was already experimentally stated in 1958 by Briscoe and Du Bois (2) and theoretically in 1968 by Nolte (lo), during a respiratory cycle Raw will decrease with increasing lung volume (i.e., increasing tg a ) to a minimum value at the end of inspiration, and increase with decreasing lung volume (i.e., decreasing tg a ) to a maximum value at the end of expiration. Raw, without further specification, is assumed to be the resistance at TGV level, and Equation 2 is thus valid only for that level. I n the authors' experience, however, it seems that the Pflueger maneuver is most easily performed with minimal error in small children after the onset of expiration. SRaw calculated by the usual formula (Raw x TGV) is the product of lung volume and resistance at the Pflueger maneuver level (at that volume) and hence is the product of TGV and Raw corrected to what it would be at the mean end expiratory level (Equation 4). In the event that the correction is made neither on the lung volume nor on the resistance, it is evident that the same SRaw will be obtained. The point of the present paper, however, is that these problems inherent to the Pflueger maneuver are avoided by our Equation 5 . In Table 1 we have presented in parallel columns SRaw as measured by the usual technique, a multiplication of the two factors TGV and Raw, and SRaw as obtained in a single measurement according to Equation 5 . Apart from differences in the last digit, presumably because of the multiplication of rounding errors in the usual method, it is seen that agreement is very good. Indeed, because SRaw is independent of the Pflueger manoeuver, the CV will be relatively small (Table I) . Moreover, SRaw can now be measured in those two children (Table I) with whom this was not previously possible.
Thanks to the new formula SRaw can be easily measured with great precision, and quickly calculated, for all children who are willing to get into a whole-body plethysmograph. All children who initially refused to enter in the box later agreed to it when they felt more at ease. However, only the first results are reproduced here to demonstrate that time-consuming instructional procedures (3) are superfluous to obtain a reliable measurement in the majority of cases.
S U M M A R Y H.. Jr.: A rapid plethysmographic method for measuring thoracic gas volume: A comparison with a nitrogen washout method for measuring functional A new method of calculating the s~ecific airwav resistance in a residual capacity in normal subjects. J. Clin. Invest.. 35: 322 (1956 This will often be the only objective datum that can be obtained with a whole-body plethysmograph in nonsedated children under the age of 6 or 7 years.
Research on cystic fibrosis (CF), early detection of CF, and genetic counseling relative to C F would all benefit greatly from availability of a simple technique for detection of C F heterozygotes and homozygotes. Consequently, various investigators have devoted much effort in attempts to identify differences in body fluids, especially serum, from C F heterozygotes and homozygotes. The objective of several of these studies has been detection of an abnormal component, for example the "CF factor," which could be used for identification of affected individuals and carriers and which would be useful for the laboratory study of the pathophysiology of CF. Thus the recent reports of serum protein differences in CF' (5) and the claim recently published in Pediatric Research (4) to have "developed a standardized biophysical assay for the rapid detection of individuals homozygous and heterozygous for C/F" were particularly significant. According to these papers a protein band with an isoelectric point of 8.4-8.5 was present following thin layer isoelectric focusing in polyacrylamide gel from serum of C F homozygotes and heterozygotes but not from control subjects. This protein was reported to be dissociated from IgG by 4 M urea and to have a molecular weight between 1,000 and 10,000. Because of our experience with isoelectric focusing and polyacrylamide gel electrophoresis and our interest in C F we have attempted to confirm the presence of the pH 8.4-8.5 isoelectric point protein in C F homozygotes. The results of these efforts are summarized below.
We examined serum proteins from 18 C F subjects and 14 control individuals according to the first procedure described by Wilson, Jahn, and Fonseca in 1973 (5) and as later modified and published in Pediatric Research in 1975 by Wilson, Fudenberg, and Jahn (4). The only difference in our technique of which we are aware is use of an LKB Multiphor electrophoresis apparatus rather than the equipment described by Williamson (3) . This difference should not be significant since a linear and reproducible pH gradient was obtained with our apparatus and since large amounts of protein were present at pH 8.0-9.0 in the gels. We were unable to detect any consistent differences between the stained serum protein patterns of the C F and the control subjects. Figure 1 gives an example of the isoelectric focusing patterns in polyacrylamide gel of C F and control serum proteins and of the isoelectric focusing pH gradients obtained in our laboratory. These patterns show greater resolution of proteins than those previously published (4, 5) , but, in contrast, no consistent differences between C F and
